STUDIES ON LASER PLASMA REACTION OF SILVER AND SULFUR by 黄荣彬 et al.
V o l
.
3 7 N o
.
16 C H IN E S E SC IE N C E B U LLET IN
An g
u st 19 9 2
ST U D IE S O N L A SE R PLA SM A R E A C T IO N O F
S IL V E R A N D S U LF U R
H U AN G RD 踢
B俐 (黄荣彬 )
,
Z HA N G P硼 (张 鹏 )
SU Jl胡
一





酬n ZH EN G L研洲 (郑兰荪 )
*
(烧夕












p R c )
砒e ei




Ke yw o rd
s : la se r p肠sm
a 比 ac七泊n
,
T O F m 拙
, 户沈。侧. e甸
·
It 15 w ell kn o w n th a t u n d er th e o rd in a ry co n d iti o n s th e Pro d u ct o f th e rea 比
o n o f silv er
a n d su lPh
u r 15 弋
25
.
H o w ev er
,
it seer n s to be an in ter( 拐ti n g a ttem Pt to ca ry
o u t su ch a 雌
。
ti o n u n d er ex t
rem
eo n d iti o n s
,
fo r ex a m Ple
,
in th e Pla sma
.
th e rea cti
o n is ca 币斑 o u t o n ly b亡
tw e n silv er a n d su lfu r in n o so lven t
.
Sin ce th er 15 q
u ite a Pa rt o f rea Cta
n ts in th e ex d喇
el eCt ro
n ie sta tes
,
rea cti
o n s in v o lv in g thes e sta tes wi l P
o ssibly ta ke Place w hile th a t u n der
m o d era t
e co n d iti o n s w ill n o t
.
Th
e TO F m a ss sP民tro m etry m a kes it fca
sible to o bserv e
th es e Pro d u ct s 动 si tu
.
Sin ce th e time th
a t ta kes th e Pr o d u o 汉1 io n s to g et to the d eteC to r 15
fa iri y lo n g (ab o u t 10
一 ’ s )
,
th e p ro d u喇 i





o se befo re th ey g et to th e d eteC to r beca
u se th er 1
5 n o m ed iu m fo r th e io n s to rel ea
se
thd r ex ces
siv e en erg y
.
Th
u s , th e d etec ted io n s a re th o se o fhi g h er sta bility
.
S u ch a n ex Pen r nen t
w as Peri b rm 司 o
n a “h o m o m a d e
”
la ser- Pro b








en ta l a ppar tu
s ha s ben prevl






P o w der o f p u re
silv er a n d su lfu r w a s th o ro u g hly g ro u n d a n d th en Pres




o f th e
so lid sa m Ple
,
w hi c h w as set 8 cm
o u tsid e fro m th
e ex tra
eti o n reg i








in d iam e ter by th e fo cu sed o u tP u t (5 32 n m
,
30 mJ Per l
a ser Pu lse
,
7
n s p u lse w id th )fro m a d
o u bl。丘叫u en 即 N d 3
+ : YA G la ser (speC tr o
一
p h ysiCS D C R- 川
o per-
a ted a t a r ePetiti o n ra te o f 10 Hz
.
Th
e Pro d u “沮 Pla sm a w as ex Pa n d ed in t o th e v a cu u m
(ab o u t 10
一 “ to r )
.
B o th th e p o siti v e a n d n铭a ti v e io n s in th e pla sma wer
ex tra c ted simu l
-
ta n eo u sly b y th e Pu lsed v o ltag e in to tw
o o PPo site fi eld
一
fr e e il g ht tu be o f m a ss sP呱ro me ter
.
T he io n s w ere d eteC ted by tw
o ch a n n eltro n el ec tro
n m u lti Pliers








a n d co ll戊ted by an IB M
一
PC / X l⋯co m Pu ter
.
A m ass sPeCt ru m





a g e o f 10 0 la se r sho ts
.
M a ss sPee tr a o f Po sitiv e io n s
Th
e sPe tru m reP res en ts
a n a ver-
W e r e a lso ta ken
,
o n w hi e h o n ly
Ag
+




Ag / 5 ra ti
o s o fth e sa m Ples u s记 in th e ex Pen r口en ts w er ch
a n g ed
* T o w h o m e o re sP

















4 : l )
.
H o w ev er
,
















20 4 5 70
9 5










F ro m the a n a lyses o f Fig
.
1 a n d th e ex Peri m
en ta l co n d iti o n s
,
w e ca n get :
1
.
In the Pla sm a Pr o d u 以沮 fro m th
e sa m Ple
,
th er
a re su fi d en t co il sio n s ben刀e n silv er




the o bsery 比 Pro d u ct s a n d th d r rel
a ti ve a bu n d a n ce
m a in ly d eP en d o n th ei r sta bilty
.
Si n ce th e m a g n itu d e o f th e d ela y tlm e betw en th
e la ser
p u lse a n d th e io n ex tra eti o n p u lse 15 o n th e o rd er o f 10
一 5 5 , the d eteC ted io n s are o n ly th o se




M o st sPed es i
n th e m a s s sP叭ra (b
o th Po siti v e a n d n ega ti v e ) a re Ag
+ a n d
S n
一





a tiv e ab u n d a n e o f sn
一
d u stor i
o n s is q u ite si而l
a r to th a t o f th e
Pu re s u lfu r sa m Ple
,




sec tio n fo r silv er a n d su lfu r in th e Pla sm a
.
V ari o u s Sn
+
io n s ca n be o b serv ed i
n th e Po siti v e m a ss sPec tra o f Pu re su lfu r sa m Ple
,
bu t
a fte r A g 15 a d ded
, o n ly Ag
+
io n 15 fo u n d in th is ex Pen rnen t
.
T h is 15 a ttri bu ted t
o the lo w
io n ha ti o n P




T he Pr o d u 以对 io n s o f the rea cti
o n betw e n silv er a n d su lfu r a re a ll o f n eg a ti v e ch a r-
ges
,
w h ich sho w s tha t the io n
一
m o lecu l
e
rca
e ti o n s o n ly ta ke Place be。刀e n Ag
a n d
Sn
一 elu ster i
o n s , n o t betw e n Ag
十
io n an d S n cl u ster s
.
T he Pro d u 以沮 io n s ha v e Plen tifu l
sPea es th
o u g h th ey a re o f lo w er yiel d s eo m Pared w ith s至 i
o n s
.
用1 th e Ag s
n 一 sP面es
(l簇n ( 6 ) ca n be o bserv ed i
n th e sp ec trU m w hil




es a re o b serv ed
.
B es id es
,
w ith the in c re a se o f th e m v a lu e in the o b sery 比 Ag
阴S n
一 ,




A c o rd in g ly
,
w e su g ge st tha t su加
r in th e Pla sm a are in d in ed to fo rm S
n 一 cl u ster
io n s fi rs t
, a n d th en the d u ster i
o n s
rea ct w ith th
e silv er a to ms
.
Th i
s ar g u m en t 15 su PPo rt ed




(l蕊n 延6 ) Pea ks a re eo m p a ra ti v el y stro n ger
,
in aco rd
a n ce wi th th e
13 4 8 C H IN E SE SC IE N C E B U LLE T IN V o l
.
3 7
a b u n d a n ce o f s二5
一
d u ster io
n s
.
It helPs ex Pla in w hy th e n v alu e in Ag
, Sn
一
io n s 15 n o t
la rg er th a n th at in th e o b serv ed S










it 15 ea sy to g时 th a t th e Ag S了 pea k 1





it 15 Ag S不
,
b u t n o t Ag S多 w hich 1
5 o f th e larg es t a bu n d ane i
n th e silver- su lfu r re a cti o n
Pro d u c ts
.
Th
e fa ct su g es ts th a t 弋S.-
,
d th er 15 fo rm ed b y
a d d in g a n 5 to 瑰S了
o r by d e-
co m Po siti o n o f o th er Ag
, Sn
一 ,
15 th e m o st sta ble sP颐es
am o n g the Pro d uc ts
.
Th o u g h th e
stru ct u re o fAg S不1
5 stil u n k n own
,
th a t th e n u m b er o f su lfu r a to m s in Ag S不1
5 fo u r 15 co n sis
-
ten t w ith th
e co o rd in a ti o n n u m ber in m o st silver co m Plex
.
T he o
eti o n Pro d uCtS d o
n o t v ari a to mu ch i
n th d r yiel d s w hen th e 弋 / 5 ra ti
o o f th e
sam Ples ch an ges
.
It su g g es ts tha t th e sta bil ty o f th ese Pro d u ets deP en d s m o re o n the
th en n o d yn a而ca l th an o
n d yn an u c a l血Ct o rs
.
R E任既N e Es
【1 1
[ 2 ]
Z h en g L an su n e t a l一 A n a沙ric












3 : 2 7
.
